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(57) The invention pertains to a method and ar- 
rangement for managing a service in a mobile commu- 
nications system, mobile station and an intelligent mod- 
ule in a mobile station. An idea of the invention is that 
the data needed in the mobile station for a mobile com- 
munications service are transferred in encrypted form 
to several mobile stations at a time. The encryption is 
based on a key which is transferred individually to mo- 
bile stations. Applied to mobile station location this 
means that the location of a mobile station is determined 
in the mobile station by means of the timing difference 
of the signals received from at least two (preferably at 
least three) base stations and on the basis of the loca- 
tion data of said base stations. The location data are 



transferred to the mobile station in encrypted form so 
that they can be utilized only by mobile stations to which 
the operator has delivered a decryption key needed to 
decrypt the location data. The decryption key is trans- 
ferred preferably individually to each mobile station. De- 
cryption may occur in an intelligent module of a mobile 
station, in which case no location data appear in a non- 
encrypted form outside the intelligent module, resulting 
in data confidentiality, if chargeability is the only require- 
ment, decryption and location calculation may also take 
place elsewhere in the mobile station. The decryption 
key can be changed, in which case the new decryption 
key is transferred to the mobile station advantageously 
periodically in conjunction with the location update pro- 
cedure. 
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Description 

[0001 ] The invention relates to a method and arrange- 
ment for managing a service in a mobile communica- 
tions system, a mobile station and an intelligent module 5 
of a mobile station. The invention is advantageously ap- 
plied to a location method for a mobile station. The meth- 
od can be applied to analog and digital mobile commu- 
nications systems. An example of such a system is the 
digital, time division based GSM (Global System for Mo- 
bile Communications). 

[0002] Location information of a mobile station can be 
used for many purposes: 

pricing of calls can be performed according to the 
location of a mobile station, whereby calls made 
from the home area, for example, can be cheaper; 
when an emergency call is made from a mobile sta- 
tion, it is possible to determine the location of the 
calling mobile station (this function will be required 
by the authorities in some countries); 
the user of a mobile station may need information 
about his/her location e.g. when traveling, 
the authorities can use the location information to 
locate a stolen mobile station or to trace a missing 
person, for example. 

[0003] As the location definition involves data traffic 
in the system, it is necessary that the operator is able to 
charge for the location service according to use. In ad- 
dition, the location definition has to be secure so that 
the location information cannot be falsified by the user 
e.g. in order to be allowed a home area discount while 
camping elsewhere than in the home area. Further- 
more, the data used in location definition may be confi- 
dential as it is not necessarily in the interests of the op- 
erator to impart system-related information to a third 
party. 

[0004] The Global Positioning System (GPS) based 
on the use of signals received from satellites is widely 
used for location purposes. This arrangement would re- 
quire that a GPS receiver be added to mobile stations, 
which would result in considerable additional cost im- 
pact. Therefore, in a location system intended for all mo- 
bile phones it is preferable to utilize the cellular system's 
own signals transferred between the mobile station and 
base stations to locate a mobile station, even though 
some mobile station models may also include a GPS 
receiver. 

[0005] A method is known from publication [1] WO 
92/05672 wherein the distance of a mobile station from 
a base station is determined on the basis of the propa- 
gation delay of a signal transmitted between the mobile 
station and the base station. Fig. 1 illustrates the oper- 
ating principle of such a method. By measuring at a base 
station 1 the propagation delay of a signal sent by a mo- 
bile station 14, it is obtained an estimated distance d-, 
between the mobile station and the base station. Be- 



cause of a certain measuring accuracy of the distance 
measurement, the assumed location of the mobile sta- 
tion is a ring-shaped area the width of which depends 
on the time delay measuring accuracy. A corresponding 
propagation delay measurement can be performed for 
a signal between the mobile station and other base sta- 
tions. The result is one ring-shaped location area per 
each base station involved in the measurement. In the 
situation illustrated by Fig. 1 , the propagation delays be- 
tween the mobile station and base station 11, mobile 
station and base station 1 2, and mobile station and base 
station 1 3 produce estimated distances d 1 , d 2 and d 3 
which correspond to the ring-shaped areas 16, 17 and 
18. The rings intersect at area 19, which is the mobile 
station location area obtained from the three propaga- 
tion delay measurements. Thus, the location of the mo- 
bile station can be determined to be an area the order 
of magnitude of which equals the measuring accuracy. 
In the method described above, locating is substantially 
carried out by the system, and no special functions are 
needed in mobile stations to realize the measurement. 
[0006] A disadvantage of the method based on the 
propagation delay measured from a signal between a 
mobile station and base stations is that the propagation 
delay cannot be easily measured at such an accuracy 
that the accuracy of the mobile station location informa- 
tion would be adequate for all the above-ment toned ap- 
plications. In addition, the mobile station has to establish 
an uplink connection with every base station for which 
the propagation delay is to be measured. If the location 
information has to be continuously updated, the data 
traffic related to the location information puts a consid- 
erable load on the connection capacity of the mobile 
communications system. Furthermore, the high volume 
of required data communications makes the measuring 
slow. It is also a problem of the method that errors in the 
absolute timing accuracy of the mobile station produce 
errors in the location result obtained. 
[0007] Fig. 2 illustrates the operating principle of a 
time difference based measurement in which the meas- 
urement can be performed by the mobile station or by 
the system. Let the mobile station receive signals from 
a plurality of base stations, in the case depicted by Fig. 
2 from three base stations BTS1 , BTS2 and BTS3. An 
estimate for the location of the mobile station is deter- 
mined by means of the observed time difference (OTD) 
between the signals received from the base stations, 
whereby it is possible to calculate by means of the time 
difference between signals received from two base sta- 
tions the difference d1 -d2 between the distance d1 be- 
tween the mobile station and a first base station and the 
distance d2 between the mobile station and a second 
base station. Then those potential location points of the 
mobile station in which the value of the distance differ- 
ence equals d1-d2 constitute a hyperbola-shaped 
curve, which thus represents the potential location 
points of the mobile station. In Fig. 2, this curve is de- 
picted by a dashed line. Since the measurement result 
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has a certain error margin, the location area of the mo- 
bile station is in reality a band between two hyperbolas, 
the width of the band depending on the error margin of 
the measurement result. When signals are received 
from at least three base stations BTS1 , BTS2 and BTS3, 
the result consists of a plurality of location areas A 12 , 
A 13 and A 23 such that the mobile station is located at 
the intersection A MS of those areas. Determining a re- 
stricted location area requires time difference measure- 
ment for signals received from at least three base sta- 
tions unless other methods such as propagation delay 
measurement are used in addition to the time difference 
measurement. If other additional methods are used, it 
is possible to use the time difference measured for sig- 
nals received from only two base stations. So, when us- 
ing the measurement principle depicted in Fig. 2, the lo- 
cation of a mobile station can be calculated either by the 
mobile station or by the system. From patent document 
[2] Fl 101445 it is known a solution in which a mobile 
station measures the time differences of signals re- 
ceived from base stations and transmits the measured 
time difference data to the mobile communications sys- 
tem. The mobile location center in the mobile commu- 
nications system calculates the location of the mobile 
station on the basis of the measured time difference da- 
ta and base station location co-ordinates and base sta- 
tion real time difference (RTD) data. This solution has 
the disadvantage that time difference data have to be 
transmitted from the mobile station to the system, which 
puts a load on the data transfer capacity in the uplink 
direction. 

[0008] In the solutions disclosed in documents [1 ] and 
[2], the location of a mobile station is calculated by the 
cellular system. Then the mobile station location infor- 
mation must be transmitted from the system to the mo- 
bile station in a special message if the application re- 
quiring the location information is in the mobile station. 
If the user needs the location information continually, a 
lot of data transfer will occur in the downlink direction, 
too. Another disadvantage is that the user receives no 
real-time location information because the location in- 
formation has to be first calculated by the system. 
[0009] A solution is known from document [3] EP 
398773 wherein a mobile station receives from a mobile 
communications system information about timing differ- 
ences and location co-ordinates of base stations situat- 
ed in the area around the mobile station. Then the mo- 
bile station measures the time differences of the signals 
received from said base stations and determines the lo- 
cation of the mobile station on the basis of the measured 
time differences, base station timing differences and lo- 
cation co-ordinates, using a location algorithm stored in 
the mobile station. Said document does not describe in 
detail how the signalling in the method would be imple- 
mented in a mobile communications system. A disad- 
vantage of this solution is, however, that the operator 
cannot charge the user for the location service because 
the mobile station can perform the location independ- 



ently on the basis of signals sent by base stations. An- 
other disadvantage of the solution is that the user can 
falsify the location information sent to the system, so that 
the location method is not reliable enough for many ap- 
5 plications. 

[0010] So, the use of location information of a mobile 
station has many applications, but the features in the 
prior-art solutions do not meet all the requirements of 
the applications. 

[0011] An object of the invention is to provide a solu- 
tion for the management of a service in a mobile com- 
munications system, eliminating the above-mentioned 
disadvantages related to the prior art. By means of this 
solution it is possible to realize a method for determining 
the location information of a mobile station and a mobile 
station that meet the requirements concerning the 
chargeability, reliability and confidentiality of the location 
service. 

[0012] An idea of the invention is that the data re- 
quired for a service in a mobile station are transferred 
in encrypted form to several mobile stations at the same 
time. The encryption is based on the use of a decryption 
key which is sent to the mobile stations individually. 
[001 3] Applied to locating a mobile station this means 
that the position of the mobile station is determined in 
the mobile station on the basis of the timing difference 
between signals received from at least two (preferably 
at least three) base stations and using the location in- 
formation of said base stations. Location information 
means base station position co-ordinates, real time dif- 
ference (RTD) data and other base station related data 
that are needed to determine the location of a mobile 
station. The base station location information is trans- 
ferred to the mobile station in encrypted form so that it 
can be used only by mobile stations to which the oper- 
ator has delivered the decryption key needed for the de- 
cryption of the location information. The decryption key 
is preferably transferred individually and in encrypted 
form to the mobile stations. The decryption key may be 
changed, in which case the new decryption key is trans- 
ferred to a mobile station advantageously in connection 
with location update, which is a procedure used in GSM. 
[0014] In the transfer of the decryption key and loca- 
tion information, decryption advantageously takes place 
in the intelligent module (say, smart card) so that also 
the location information can be computed using an al- 
gorithm stored in the intelligent module. This results in 
both service chargeability and data confidentiality, pro- 
vided that the decryption key is encrypted and the de- 
cryption of the decryption key takes place in the intelli- 
gent module. If only chargeability is required, decryption 
and location information calculation may be performed 
elsewhere in the mobile station than in the intelligent 
module. In addition, the location information sent to the 
system may be encrypted in the intelligent module prior 
to transmission if the application requiring the mobile 
station location information is in the system. 
[0015] The invention facilitates real-time, continuous 
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location calculation in speech, data and standby modes 
because the location of the mobile station is calculated 
in the mobile station. Since the location information is 
encrypted, it is possible to make the location service 
available to only those who specifically order the serv- 
ice, and the use of the service is chargeable. Charging 
may be based on the delivery of decryption keys or it 
may be in the form of monthly billing, for example. A sig- 
nificant advantage of the solution according to the in- 
vention is also that a user, for instance, cannot falsify 
the data used in the location process, nor the location 
information sent to the system if the only place where 
these data are in a non-encrypted form is the smart card 
of the mobile station. 

[0016] The method for managing a service, in which 
information is transferred to a plurality of mobile stations 
simultaneously on one and the same transmission 
channel in a mobile communications system, is charac- 
terized in that said information transferred simultane- 
ously to a plurality of mobile stations is encrypted and 
that the encryption is realized using a decryption key 
which is transferred separately to each mobile station. 
[0017] The method according to the invention for lo- 
cating a mobile station, wherein 

the observed time difference between signals re- 
ceived from at least two base stations is measured 
in the mobile station, 

the location coordinates of said at least two base 
stations are transferred to the mobile station, and 
the location coordinates of the mobile station are 
computed in the mobile station on the basis of said 
time difference and location coordinates of said at 
least two base stations, 

is characterized in that 

said base station location co-ordinates are trans- 
ferred to the mobile station in encrypted form. 

[0018] The mobile station location system according 
to the invention, comprising a mobile communications 
system which includes a plurality of base stations and 
mobile stations, wherein 

the observed time difference between signals re- 
ceived from at least two base stations is measured 
in the mobile station, 

the location coordinates of said at least two base 
stations are transferred to the mobile station, and 
the location coordinates of the mobile station are 
computed in the mobile station on the basis of said 
time difference and location coordinates of said at 
least two base stations, 

is characterized in that 

arrangements are made for said base station loca- 



tion co-ordinates to be transferred to the mobile sta- 
tion in encrypted form. 

[0019] The mobile station according to the invention 
5 which comprises means for receiving on a broadcast 
control channel information related to a service is char- 
acterized in that it also comprises means for decrypting 
said information by means of a decryption key, and 
means for receiving said decryption key on a channel 
to assigned to said mobile station. 

[0020] The mobile station according to the invention 
which for the purpose of determining the location of the 
mobile station comprises 

*5 - means for receiving signals from at least two base 
stations, 

means for determining the observed time difference 
between received signals, 

means for transferring the location coordinates of 
20 said at least two base stations to the mobile station, 
and 

means for determining the mobile station location 
coordinates on the basis of said time difference and 
location coordinates of said at least two base sta- 
25 tions, 

is characterized in that the mobile station also compris- 
es means for decrypting said base station location co- 
ordinate information. 

30 [0021] The mobile intelligent module according to the 
invention which comprises means for receiving encrypt- 
ed information related to a service from a mobile station 
is characterized in that the intelligent module also com- 
prises means for decrypting said information using a de- 

35 cryption key and means for receiving said decryption 
key from a mobile station. 

[0022] A mobile smart card according to the invention 
is characterized in that the smart card comprises means 
for generating a decryption key used in the encryption 

40 of base station location co-ordinate data on the basis of 
information received from a base station. 
[0023] According to a first aspect of the present inven- 
tion, there is provided a method for managing a service 
in a mobile communications system where the same in- 

45 formation is transferred to a plurality of mobile stations 
simultaneously on one and the same transmission 
channel, characterized in that said information trans- 
ferred simultaneously to a plurality of mobile stations is 
encrypted and the encryption is realized using a decryp- 

so tion key which is transferred separately to each mobile 
station. 

[0024] According to a second aspect of the present 
invention, there is provided a method for locating a mo- 
bile station wherein 

55 

the observed time difference (OTD) between sig- 
nals received from at least two base stations is 
measured in the mobile station, 



20 



25 



4 



7 



EP 0 973 351 A1 



8 



the location information of said at least two base 
stations are transferred to the mobile station, and 
the location coordinates of the mobile station are 
computed in the mobile station on the basis of said 
time difference (OTD) and location information of 
said at least two base stations, 

characterized in that 

said base station location information is transferred 
to the mobile station in encrypted form. 

[0025] According to a third aspect of the present in- 
vention, there is provided a mobile communications sys- 
tem in which the same information is transferred to a 
plurality of mobile stations simultaneously on one and 
the same transmission channel, characterized in that 
said mobile communications system comprises means 
for encrypting, using a decryption key, said information 
transferred simultaneously to a plurality of mobile sta- 
tions, and means for transferring the decryption key 
used in the encryption separately to each mobile station. 
[0026] According to a fourth aspect of the present in- 
vention, there is provided a mobile station location meth- 
od comprising a mobile communications system which 
comprises a plurality of base stations and mobile sta- 
tions such that 

the observed time difference (OTD) between sig- 
nals received from at least two base stations is 
measured in the mobile station, 
the location information of said at least two base 
stations are transferred to the mobile station, and 
the location coordinates of the mobile station are 
computed in the mobile station on the basis of said 
time difference (OTD) and location information of 
said at least two base stations, 

characterized in that 

arrangements are made for said base station loca- 
tion information to be transferred to the mobile sta- 
tion in encrypted form. 

[0027] According to a fifth aspect of the present inven- 
tion, there is provided a mobile station comprising 
means for receiving on a broadcast channel information 
related to a service, characterized in that it also com- 
prises means for decrypting said information using a de- 
cryption key, and means for receiving said decryption 
key on a channel assigned to said mobile station. 
[0028] According to a sixth aspect of the present in- 
vention, there is provided a mobile station which for the 
purpose of determining the location of the mobile station 
comprises 

means for receiving signals from at least two base 
stations, 



10 



25 



means for determining the observed time difference 

(OTD) between received signals, 

means for transferring the location information of 

said at least two base stations to the mobile station, 

and 

means for determining the location of the mobile 
station on the basis of said time difference (OTD) 
and location information of said at least two base 
stations, 

characterized in that the mobile station also comprises 
means for decrypting said base station location informa- 
tion. 

[0029] According to a seventh aspect of the present 
invention, there is provided an intelligent module of a 
mobile station, comprising means for receiving from the 
mobile station encrypted information related to a serv- 
ice, characterized in that it also comprises means for 
decrypting said information by means of a decryption 
key and means for receiving said decryption key from 
the mobile station. 

[0030] According to an eighth aspect of the present 

invention, there is provided an intelligent module of a 

mobile station, characterized in that it comprises means 

to receive a decryption key and to decrypt base station 

location information using said decryption key. 

[0031] Preferred embodiments of the invention are 

disclosed in the dependent claims. 

[0032] The invention will now be described in more 

detail with reference to the accompanying drawing 

wherein 



Fig. 1 illustrates a prior-art mobile station location 
method based on measuring the propagation 
35 delay between base station and mobile station, 

Fig. 2 illustrates a known location method based on 
time difference, 

Fig. 3 illustrates the location system according to the 
invention, 

40 Fig. 4 illustrates a method according to the invention 
for transferring a decryption key to a mobile sta- 
tion, 

Fig. 5 illustrates the transfer of a decryption key to a 
plurality of mobile stations, 
45 Fig. 6 shows a signalling flow diagram of the transfer 
of location information in a broadcast message 
to a mobile station, 

Fig. 7 shows a location information message which 
can be used in conjunction with the solution ac- 
so cording to the invention, 

Fig. 8 shows a signalling flow diagram of a situation 
where a decryption key is transferred to a mo- 
bile station in conjunction with location update 
when the mobile station enters the area of a 
55 new visitor location register VLB, 

Fig. 9 shows a mobile station according to the inven- 
tion, and 

Fig. 10 shows an intelligent module according to the 
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invention. 

[0033] Figs. 1 and 2 were already discussed in con- 
nection with the description of the prior art. Next it will 
be disclosed the operating principle of the location meth- 
od according to the invention, referring to Fig. 3, and 
then it will be described in more detail ways of realizing 
signalling steps related to the method according to the 
invention, referring to Figs. 4 to8. Essential components 
of a mobile station and intelligent module according to 
the invention are depicted in Figs. 9 and 1 0. Finally, it is 
described what advantages the solution according to 
the invention has as compared to the prior art. In the 
description of the embodiments illustrated, reference is 
made to the GSM system which is disclosed in more 
detail in [4] M. Mouly, M-B. Pautet: The GSM System for 
Mobile Communications, 1992. 

[0034] So, the time difference between signals re- 
ceived by a mobile station from two base stations is 
called an observed time difference (OTD). Measure- 
ment of the OTD is utilized in the synchronization of a 
mobile station to the clocksignal of the new serving base 
station in a handover, so the OTD measuring method is 
known from the prior art. The OTD is measured in two 
stages because the mobile station cannot receive sig- 
nals from two base stations simultaneously. First, the 
mobile station measures a first time difference between 
its own timing and the timing of a signal received from 
a first base station. Then the mobile station measures 
a second time difference between itself and a second 
base station. The OTD equals the difference between 
the first and the second time difference. Measurement 
of the OTD is described in more detail in [5] prETS 
300579: GSM 05.1 0 version 4.4.1 , European digital cel- 
lular telecommunications system (Phase 2); Radio sub- 
system synchronisation, European Telecommunica- 
tions Standards Institute, 1994, 14 pp. Fig. 3 illustrates 
the operating principle of a location system according to 
the invention. It comprises a mobile communications 
system, whereof four base stations BTSA (32), BTSB 
(33), BTSC (34) and BTSD (35) are depicted. In the case 
illustrated, base station BTSA is the base station serving 
the mobile station 31 . The serving base station BTSA 
sends to the mobile station 31 information about the de- 
cryption key 313 used in the location process, whereby 
the mobile station decrypts the location information re- 
ceived from base stations 314. The location information 
is sent from a base station to the mobile station in a SMS 
Cell Broadcast message, for example. 
[0035] A mobile station 31 receives from base sta- 
tions BTSA, BTSB and BTSC timing signals in a recep- 
tion block 310. The mobile station measures the time 
differences of the signals received from the different 
base stations in block 31 1 and sends them to block 31 2 
which calculates the mobile station's location co-ordi- 
nates. The location co-ordinates can be further trans- 
ferred to the serving base station, if necessary, and then 
it is possible to use the same kind of encryption as in 



the transfer of base station information. Transfer to the 
base station can be realized e.g. in response to a re- 
quest sent by the system to the mobile station. 
[0036] From the serving base station the mobile sta- 

5 tion's location co-ordinates can be further transferred to 
a mobile location center MLC (36) in the mobile com- 
munications system, where the location information will 
be accessible to various applications. The mobile loca- 
tion center may be located in connection with other parts 

10 of the mobile communications system and it need not 
be a separate unit. In addition to location measurement 
based on time difference, the system may employ other 
methods as well. 

[0037] Decryption and location calculation may take 

15 place in a mobile station's intelligent module if it is de- 
sirable to keep the base station location information con- 
fidential. In that case, the logical blocks 312-314 in Fig. 
3 are found in the intelligent module. If confidentiality is 
not required, the functions in question can also be real- 

20 ized elsewhere in the mobile station 31 . 

[0038] The mobile station can receive the decryption 
key from a base station in response to a request or in 
connection with location update. Fig. 4 illustrates a 
method according to the invention for transferring a de- 

25 cryption key to the mobile station in connection with pe- 
riodic location update. The mobile station sends to a mo- 
bile switching center a [Periodic Location Update Re- 
quest] and the system returns a [Location Update Ac- 
knowledge]. If the user of the mobile station/subscriber 

30 has the right to use the location service, the decryption 
key or the information needed to generate it is trans- 
ferred in connection with said acknowledge message. 
In addition, a validity period may be given for the decryp- 
tion key. 

35 [0039] Fig. 5 illustrates the transfer of a decryption 
key to several mobile stations MS1 , MS2, and MS3 in 
which location updates occur at different times. If the 
transfer of the decryption key occurs in connection with 
periodic location update, it is preferable to carry out the 

40 change of decryption keys in periods of time that are 
longer than the location update period. Then the new 
decryption key can be transferred to all mobile stations 
prior to the change of decryption keys. If a mobile station 
has been shut down and is turned on, it is possible to 

45 transfer in the first location update both the current de- 
cryption key and the next decryption key provided that 
the next change of decryption keys occurs before the 
next location update, cf. mobile station MS3 in Fig. 5. 
On the other hand, the current decryption key and the 

so next decryption key can always be transferred so that 
no special procedure is required at start-up. 
[0040] Fig. 6 shows a signalling flow diagram of the 
transfer of location information to a mobile station in a 
broadcast message. In step 61 the mobile location cent- 

55 er MLC encrypts the location information required and 
sends the information to a short message service cell 
broadcast center CBC. In step 62 the short message 
service cell broadcast center CBC sends the location 
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information to a base station controller BSC which 
sends it further to a base station BTS, step 63. In step 
4 the base station BTS sends the location information 
further to a mobile station MS on a short message serv- 
ice SMS broadcast channel. 

[0041] Fig. 7 shows a location information message 
which can be used in conjunction with the solution ac- 
cording to the invention. A key number 71 is used for 
determining the current decryption key. A mobile station 
starts using a new decryption key at the moment when 
the key number changes. A message number 72 is used 
as an input parameter in the encryption algorithm. Public 
data 73 may contain public information which is needed 
by mobile stations that only determine OTD values and 
send them to the system for location calculation. Such 
information coutd include e.g. a list of base stations suit- 
able for OTD measurements, channel numbers, base 
station identification information, burst lengths used by 
a base station or possible RTD values. Encrypted data 
74 contains information that is available only to mobile 
stations that have the right to use the location service. 
These data include base station location information 
needed in location calculation, such as the base station 
co-ordinates and precise timing, or RTD, values. In ad- 
dition, the message contains headers (not shown) indi- 
cating, among other things, whether encryption is ap- 
plied in the message. 

[0042] Fig. 8 shows a signalling flow diagram of a sit- 
uation in which a decryption key is transferred to a mo- 
bile station in connection with location update when the 
mobile station enters the area of a new visitor location 
register VLR. In step 81 the mobile station MS starts the 
location update procedure. In step 82 the new mobile 
switching center MSG / visitor location register VLR re- 
quests from the mobile station the information concern- 
ing the previous visitor location register and informs the 
home location register HLR that the visitor location reg- 
ister has been changed, step 83. In step 84 the home 
location register performs a "cancel location" procedure 
for the previous register and sends the subscriber data 
to the new mobile switching center / visitor location reg- 
ister, step 85, and the new mobile switching center /vis- 
itor location register acknowledges it, step 86. In step 
87 the new mobile switching center/ visitor location reg- 
ister acknowledges the mobile station's location update 
request, if the user of the mobile station has the right to 
use the mobile station based location service, the ac- 
knowledge contains the current decryption key for the 
broadcast location information and possibly a decryp- 
tion key for the next period. 

[0043] Fig. 9 shows a simplified block diagram of a 
mobile station 900 according to the invention in a cellu lar 
system. Below it will be first described ordinary functions 
of the mobile station. The mobile station comprises an 
antenna 901 to receive a radio-frequency (RF) signal 
transmitted by a base station. The received RF signal is 
directed e.g. through a duplex filter 902 to a RF receiver 
51 1 in which the signal is amplified and converted digital. 



The signal is then detected and demodulated in block 
912 and decoded in block 913. After that, the signal is 
processed in accordance with whether the information 
transmitted is speech or data. Data can be stored as 
s such in the mobile station's memory 904. According to 
the present invention, the location or other service data 
and the decryption key received from a base station are 
processed in a control unit 903 or intelligent module 940. 
Possible processed speech signal is taken to an ear- 
phone 934. The control unit controls the above-men- 
tioned reception blocks in accordance with a program 
stored in the control unit/memory. 
[0044] Transmission from the mobile station is e.g. as 
follows. First, in block 921 the control unit 903 encodes, 
in accordance with the system, the audio signal coming 
from the microphone 935. The information transmitted 
may also be data such as mobile station location infor- 
mation according to the invention. Encoded data are ar- 
ranged in bursts in block 922 which are modulated and 
amplified into a RF signal in block 923. The RF signal 
to be transmitted is taken to an antenna 901 through a 
duplex filter 902, for example. Also these processing 
and transmission functions are controlled by the control 
unit 903. In addition. Fig. 9 shows a keypad 931 and 
display 932 that are found on an ordinary mobile station. 
[0045] To provide the functions according to the in- 
vention a program has been stored in the control unit / 
intelligent module on the basis of which the control unit 
controls the other blocks in the mobile station in accord- 
ance with the invention. 

[0046] Fig. 10 shows a block diagram of an intelligent 
module 140 SIM. A control unit 130 CPU controls the 
operation of the intelligent module SIM according to pro- 
gram code stored in program memory 1 42 ROM. In data 
memory 144 EE PROM it is possible to store various us- 
er-specific data which will remain in the memory even if 
the operating voltage were removed from the SIM mod- 
ule 140. The work memory 146 RAM can be used for 
temporary storage of data. A bus adapter 120 DATA-I/ 
O adapts the mobile station interface (control and data 
I/O) of the intelligent module SIM to the internal bus 1 60 
of the intelligent module SIM. In addition, the SIM mod- 
ule comprises an encryption block 150 for encrypting 
and decrypting transmitted and stored data. The mem- 
ory units mentioned above can be used to store the al- 
gorithms and programs related to the present invention 
so that the central processing unit 1 30 can be made to 
perform the functions according to the invention. In ad- 
dition, a purpose of the blocks in the intelligent module 
SIM is to manage, in accordance with the prior art, data 
required for the identification of the subscriber as well 
as to serve as storage means for short messages, 
speed dial codes and other such user-specific informa- 
tion. 

[0047] Fig. 9 further shows the cellular system com- 
ponents that are utilized in a system according to the 
invention. Transmission and reception of a RF signal are 
realized through the antenna 950 of a base station 951 . 
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Connection is established from the base station 951 via 
a base station controller 952 to an exchange 953. The 
exchange 953 is connected, apart from other base sta- 
tion systems in the system, also to a home location reg- 
ister 954 and public switched telephone network PSTN, 
among other things. The home location register stores 
information about the access rights to the service ac- 
cording to the invention, among other things. 
[0048] The solution according to the invention for lo- 
cating a mobile station offers many advantages over the 
prior art: 

Since the data used in the location process are 
transferred encrypted, users of the location servic- 
es can be billed. 

The solution does not result in considerable addi- 
tional load on the air interface. 
The method does not result in considerable addi- 
tional load on the processor in the mobile station. 
Because of the reasons mentioned above, location 
can be performed quickly and at short intervals. 
The method can be easily introduced in existing net- 
works so that only minor modifications are neces- 
sary. 

Location algorithms can be updated simply by 
changing SIM cards; no modifications to mobile sta- 
tions are needed. 

The method can be used for locating both stationary 
and moving mobile stations. 
Location operates in real time both in the standby 
and call mode. 

[0049] It should be noted that the invention is also ap- 
plicable in conjunction with a differential GPS location 
system. The differential data needed by the location al- 
gorithm are obtained encrypted from a base station in 
the mobile communications system in the manner de- 
scribed above, and also the location information calcu- 
lated by the mobile station can be transferred to the sys- 
tem in encrypted form. 

[0050] Above it was described applications of the 
method according to the invention. The principle accord- 
ing to the invention, as regards implementation details 
and areas of application, for example, may naturally be 
modified within the scope of the invention as defined by 
the claims set forth below. 

[0051] Especially it should be noted that the solution 
according to the invention can be used for managing any 
service in which information is broadcast to users in the 
downlink direction. The information broadcast in the 
service in question is transferred in encrypted form on 
a broadcast channel, for example, and the decryption 
key is transferred separately to each mobile station. An 
example of such a service is the transfer of news to mo- 
bile stations wherein the news information can be sent 
on one and the same channel to all users and the de- 
cryption key is transferred only to those mobile stations 
the users of which have subscribed to the service. This 



facilitates user-specific billing without considerable ad- 
ditional load on the transmission capacity. 
[0052] Above it was described application of the in- 
vention in the GSM system, but the invention is applica- 

s ble to other, both analog and digital, communications 
systems as well, such as the DCS 1800/1900 (Digital 
Communications System at 1800/1900 MHz), the US- 
TDMA system used in the United States, or the digital 
JDC system used in Japan. Similarly, the invention is 

10 also applicable to future systems such as the WCDMA 
(Wide-band Code Division Multiple Access). 
[0053] Furthermore, the method according to the in- 
vention is not limited to the transmission channels, sig- 
nalling or messages described above. 

15 

Claims 

1 . A method for managing a service in a mobile com- 
20 munications system where the same information is 

transferred to a plurality of mobile stations simulta- 
neously on one and the same transmission channel, 
characterized in that said information transferred si- 
multaneously to a plurality of mobile stations is en- 
25 crypted and the encryption is realized using a de- 
cryption key which is transferred separately to each 
mobile station. 

2. The method of claim 1 , characterized in that said 
30 encryption utilizes a decryption key which is trans- 
ferred from the mobile communications system to a 
mobile station. 

3. The method of any one of the preceding claims, 
35 characterized in that said decryption key is trans- 
ferred individually to the mobile station. 



4. The method of claim 2 or 3, characterized in that 
said decryption key is variable. 

40 

5. The method of any one of the preceding claims, 
characterized in that the decryption of said simulta- 
neously transferred information and decryption key 
is performed in an intelligent module. 

45 

6. A method for locating a mobile station (21 ) wherein 

the observed time difference (OTD) between 
signals received from at least two base stations 
so (31 , 32, 33) is measured in the mobile station, 

the location information of said at least two 
base stations are transferred to the mobile sta- 
tion (31), and 

the location coordinates of the mobile station 
55 (31 ) are computed in the mobile station (31 ) on 

the basis of said time difference (OTD) and lo- 
cation information of said at least two base sta- 
tions, 
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characterized in that 

said base station location information is trans- 
ferred to the mobile station in encrypted form. 

5 

7. The method of claim 6, characterized in that the cal- 
culation for the location of the mobile station is per- 
formed in an intelligent module of the mobile station. 

8. A mobile communications system in which the 10 
same information is transferred to a plurality of mo- 
bile stations simultaneously on one and the same 12. 
transmission channel, characterized in that said 

mobile communications system comprises means 
for encrypting, using a decryption key, said informa- is 
tion transferred simultaneously to a plurality of mo- 1 3. 
bile stations, and means for transferring the decryp- 
tion key used in the encryption separately to each 
mobile station. 

20 14. 

9. A mobile station location method comprising a mo- 
bile communications system which comprises a plu- 
rality of base stations (32, 33, 34, 35) and mobile 
stations (31 ) such that 

25 

the observed time difference (OTD) between 

signals received from at least two base stations 

(31 , 32, 33) is measured in the mobile station, 15. 

the location information of said at least two 

base stations are transferred to the mobile sta- 30 

tion (31 ), and 

the location coordinates of the mobile station 
(31 ) are computed in the mobile station (31 ) on 16. 
the basis of said time difference (OTD) and lo- 
cation information of said at least two base sta- 35 
tions, 

characterized in that 

arrangements are made for said base station 40 
location information to be transferred to the mo- 
bile station in encrypted form. 

10. A mobile station comprising means for receiving on 

a broadcast channel information related to a serv- 45 
ice, characterized in that it also comprises means 
for decrypting said information using a decryption 
key, and means for receiving said decryption key on 
a channel assigned to said mobile station. 

so 

11. A mobile station which for the purpose of determin- 
ing the location of the mobile station comprises 

means (310) for receiving signals from at least 
two base stations (31 , 32, 33), 55 
means for determining the observed time dif- 
ference (OTD) between received signals, 
means for transferring the location information 



of said at least two base stations to the mobile 
station (31 ), and 

means (31 2) for determining the location of the 
mobile station (31 ) on the basis of said time dif- 
ference (OTD) and location information of said 
at least two base stations, 

characterized in that the mobile station also com- 
prises means (314) for decrypting said base station 
location information. 

The mobile station of claim 11 , characterized in that 
it comprises means for receiving a decryption key 
from a base station to decrypt location information. 

The mobile station of claim 11 or 12, characterized 
in that it comprises means for sending said mobile 
station location information to the system. 

An intelligent module of a mobile station, compris- 
ing means for receiving from the mobile station en- 
crypted information related to a service, character- 
ized in that it also comprises means for decrypting 
said information by means of a decryption key and 
means for receiving said decryption key from the 
mobile station. 

An intelligent module of a mobile station, character- 
ized in that it comprises means to receive a decryp- 
tion key and to decrypt base station location infor- 
mation using said decryption key. 

The intelligent module of claim 1 5, characterized in 
that it comprises means for calculating the location 
of the mobile station on the basis of time difference 
information and base station location information. 
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